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PGPUB - DOCUMENT - NUMBER : 20030101728 
PGPUB- FILING- TYPE : new 

DOCUMENT- IDENTIFIER: US 20030101728 Al 

TITLE: Cold heat reused air liquefaction/ vaporization and storage gas turbine 
electric power system 

PUBLICATION-DATE: June 5, 2003 



INVENTOR- INFORMATION : 
NAME 

Wakana , Harumi 
Chino, Koichi 
Yokomizo, Osamu 



CITY 

Hitachi -shi 
Hitachi-shi 
Naka-gun 



STATE 



COUNTRY 

JP 

JP 

JP 



RULE-47 



APPL-NO: 10/ 183358 [PALM] 
DATE FILED: June 28, 2 002 



RELATED-US - APPL-DATA : 

Application 10/183358 is a continuation-in-part -of US application 09/765338, filed 
January 22, 2 001, ABANDONED 



FORE I GN - AP PL - PR I OR I T Y - DATA : 

COUNTRY APPL-NO DOC -ID 

JP 8-349301 1997JP-8-349301 

JP 8-343061 1997JP-8-343061 



APPL-DATE 
December 27, 1997 
December 24, 1997 



INT-CL: [07] £102 C 2/143. 

US-CL-PUBLISHED: 60/727; 60/728 
US -CL- CURRENT: fin/ 727 ; 60/ 72fi 



REPRESENTATIVE -FIGURES : 1 



ABSTRACT : 

An energy storage . gas -turbine electric power generating system includes a liquid air 
storage tank for storing liquid air, a vaporizing facility for vaporizing the liquid 
air stored in the liquid air storage tank, a combustor for generating a combusted 
gas by combusting the air vaporized by the vaporizing facility and a fuel, a gas 
turbine driven by the combusted gas generated in the combustor, and a gas -turbine 
generator connected to the gas turbine for generating electric power. The system 
further includes a pressurizing unit for pressurizing the liquid air stored in the 
liquid air storage tank up to a pressure higher than a pressure of air supplied to 
the combustor to supply the liquid air to the vaporizing facility, an pypansion 
turbine driven by expanding the air vaporized by the vaporizing facility and an 
expansion -turbine generator connected to the pypansinn turbine for generating 
electric power. 
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[0001] This is a continuation-in-part (CIP) application of U.S. Ser. No. 09/765,338 
filed Jan. 22, 2001, now pending, the entire disclosure of which is hereby 
incorporated by reference. 
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PGPUB - DOCUMENT - NUMBER : 20020151604 
PGPUB- FILING -TYPE : new 

DOCUMENT -IDENTIFIER: US 20020151604 Al 

TITLE: Hydrogen and elemental carbon production from natural gas and other 
hydrocarbons 

PUBLICATION-DATE: October 17, 2002 
INVENTOR- INFORMATION : 

NAME CITY STATE COUNTRY RULE -4 7 

Detering, Brent A. Idaho Falls ID US 

Kong, Peter C. Idaho Falls ID US 

APPL-NO: 10/ 109427 [PALMl 
DATE FILED: March 27, 2 002 

RELATED - US - APPL - DATA : 

Application 10/109427 is a division-of US application 09/732451, filed December 6, 
2000, US Patent No. 6395197 

Application is a non-provisional -of -provisional application 60/172976, filed 
December 21, 1999, 

INT-CL: [07] C07 £ 22/jQ£, R01 J 1 9/12 

US -CL- PUBLISHED: 518/703; 422/186.29 
US -CL- CURRENT: 51B./2H3.; 422/ 186.29 

REPRESENTATIVE -FIGURES : 1 



ABSTRACT: 

Diatomic hydrogen and unsaturated hydrocarbons are produced as reactor gases in a 
fast quench reactor. During the fast quench, the unsaturated hydrocarbons are 
further decomposed by reheating the reactor gases. More diatomic hydrogen is 
produced, along with elemental carbon. Other gas may be added at different stages in 
the process to form a desired end product and prevent back reactions. The product is 
a substantially clean-burning hydrogen fuel that leaves no greenhouse gas emissions, 
and elemental carbon that may be used in powder form as a commodity for several 
processes. 

RELATED APPLICATION 

[0001] This application is a divisional of pending application Ser. No. 09/732,451, 
filed Dec. 6, 20 00, which claims priority from United States provisional application 
Serial No. 60/172,976, filed Dec. 21, 1999. 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE: 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2003:390719 CAPLUS 
138:387864 

Self-refrigerated LNG process 

Fischer-Calderon, Ernesto 

BP Corporation North America Inc., USA 

U.S., 10 pp. 

CODEN: USXXAM 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. DATE 



US 6564578 Bl 20030520 US 2002-50922 20020118 

PRIORITY APPLN. INFO.: US 2002-50922 20020118 

AB The present invention is directed to a process for producing LNG by 

directing a feed stream comprising natural gas to a cooling stage that (a) 
cools the feed stream in at least one cooling step producing a cooled feed 
stream, (b) expands the cooled feed stream in at least one 
expansion step by reducing the pressure of the cooled feed stream 
producing a refrigerated vapor component and a liq. component, and (c) 
separates at least a portion of the refrigerated vapor component from the 
liq. component wherein at least a portion of the cooling for the process 
is derived from at least a portion of the refrigerated vapor component; 



and repeating steps (a) through (c) one or more times until at least 
substantial portion of the feed stream in the 1st cooling stage is 
processed into LNG wherein the feed stream in step (a) comprises at least 
♦a portion of the liq. component produced from a previous cooling stage. 



REFERENCE COUNT: 



61. THERE ARE 61 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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DOCUMENT NUMBER: 
TITLE: 

INVENTOR (S) : 
PATENT ASSIGNEE (S*) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE: 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



1999:388352 CAPLUS 
131:21216 

Natural gas liquefaction 

process and apparatus 

Dubar, Christopher Alfred Timothy 

BHP Petroleum Pty. Ltd., Australia 



PCT Int. Appl. 

CODEN: PIXXD2 

Patent 

English 

1 



24 pp. 



PATENT NO. 




KIND 


DATE 


WO 9930094 




Al 


19990617 


W: AU, 


JP, 


US 




RW: AT, 


BE, 


CH, CY, 


DE, DK, 


PT, 


SE 






AU 9914977 




Al 


19990628 


AU 752201 




B2 


20020912 


EP 1038146 




Al 


20000927 


R: DE, 


FR, 


GB 




JP 2001526376 


T2 


20011218 


US 6446465 




Bl 


20020910 



APPLICATION NO. DATE 



WO 1998-GB3708 19981211 



ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 



PRIORITY APPLN. INFO. 



AU 1999-14977 



19981211 



EP 1998-959046 19981211 



GB 
WO 
US 



JP 2000-524622 
US 2001-951725 

1997- 26297 A 

1998- GB3708 W 
2000-581341 Al 



19981211 
20010914 
19971211 
19981211 
20000821 



AB App. for liquefying natural gas comprises a 

series of heat exchangers for cooling the natural gas in countercurrent 
heat exchange relationship with a refrigerant, compression means for 
compressing the refrigerant, expansion means for 
isentropically expanding at least two sep. streams of 
the compressed refrigerant, the expanded streams of refrigerant 
communicating with a cool end of a resp. one of the heat exchangers, and a 
precooling refrigeration system for precooling the natural gas to a temp. 
<0. degree, before it is fed to the series of heat exchangers, and for 
precooling the compressed refrigerant discharged from a warm end of the 
series of heat exchangers to a temp. <0. degree, before it is fed back into 
the series of heat exchanges or to the expansion means. 

REFERENCE COUNT: 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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INVENTOR (S) : 

PATENT ASSIGNEE (S) : 
SOURCE: 
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1998:498159 CAPLUS 
129:205073 

Natural gas liquefaction 

method 

Yoshikawa, Yoshitsugu; Yamamoto, Osamu; Nakamura, 

Moritaka; Sugiyama, Shigeru; Fukuda, Seiji 

Chiyoda Chemical Engineering Construction Co., Japan 

Jpn. Kokai Tokkyo Koho, 8 pp. 

CODEN: JKXXAF 

Patent 



LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



Japanese 
1 



PATENT NO. 



■ KIND DATE 



APPLICATION NO. DATE 



A2 19980804 JP 1997-12670 19970127 

A 20000516 US 1997-974824 19971120 

JP 1997-12670 19970127 
liquefying natural gas 

by utilizing a single- component refrigerant or a 
a high temp, state, and with a substantially 
in a low temp, stage, pressurizing 
the non-liquefied part of the recycle gas in a compressor, recycling the 
nonliquefied part of the feed natural gas, and then recovering the 
liquefied part by the refrigerant exchanging heat with the non-liquefied 
part stream produced from the substantially isentropic 
expansion, in a plate-fin heat exchanger or the like. The mixed 
refrigerant may contain CH4, C2H5, C3H8, C3H6 and C4H8 . 



JP 10204455 
US 6062041 
PRIORITY .APPLN. INFO. : 
AB The method comprises 
feed and recycle gas 
mixed refrigerant in 
isentropic expansion 
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CAPLUS COPYRIGHT 2003 ACS on .STN 
1997:536516 CAPLUS 
127:192714 

Increasing liquid hydrocarbon recovery from natural 
gas: evaluation of the vortex-tube device 
Hajdik, Brock; Erdol, Jurgen Steinle - Beb; Lorey, 
Manfred; Thomas, Keith 
CBS Engineering, Houston, TX, USA 
Proceedings, Annual Convention - Gas Processors 
Association (1997), 76th, 219-226 
CODEN: PGPAAC; ISSN: 0096-8870 
Gas Processors Association 
Journal 
English 

The vortex-tube device provides a useful addn. to the range of equipment 
available to the gas industry. The use of vortex-tube equipment permits 
improved sepn. in comparison with a Joule-Thomson system, without entering 
into the cost and complexity of a true isentropic system such as 
a turbo-expander unit. The comparative advantage of the vortex 
tube depends upon the inlet conditions of the gas and the pressure drop 
that is available. An optimum pressure drop of 25 - 35 % of the inlet gas 
pressure has been confirmed in practice. .Although not yet tested on 
operating plant, it is expected that a loss of performance of vortex-tube 
units will occur for inlet liq.-to-gas ratios of greater than 20%. Units 
with up to 5% liq. at the inlet have been successfully operated showing 
that a single phase gas at the unit inlet is not essential. It is 
expected that future application of vortex tube units will be coned, where 
performance improvements over Joule-Thomson units, at low capital cost, 
are required. 



AUTHOR (S) : 

CORPORATE SOURCE 
SOURCE: 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE: 
AB 
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13 CAPLUS COPYRIGHT 2003 ACS on STN 
1997:467217 CAPLUS 
127:111022 

Power recovery through thermodynamic expansion 

of liquid methane 

Cengel, Yunus A.; Kimmel, Hans 

Department of Mechanical Engineering, University of 
Nevada, Reno, Reno, NV, USA 

Proceedings of the American Power Conference (1997), 
59(1), 271-276 

CODEN: PAPWA2; ISSN: 0097-2126 
American Power Conference 



DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Thermodn. aspects of a cryogenic turbine-generator assembly that admits 
methane at a high pressure and discharges it at a low pressure are 
investigated. The entire turbine-generator assembly is submerged in 
methane. The study is intended to quantify the effect of the turbine, 
generator assembly on the exit temp, of methane, the rate of heat transfer 
to methane, the rate of internal heat generation due to the hydraulic 
inefficiency of the turbine and the heat given off by generator, and the 
resulting temp, rise of methane, the amt. of elec. power generated and 
potential revenues from it. The submerged turbine-generator assembly 
appears to be very attractive both thermodynamically and economically. 
The unit will put the power generation potential of the liq. methane into 
best use while actually lowering the temp, of liq. methane. The exit 
temp, of liq. methane as it expands from 113.0 K and 4.479 MPa 
to 0.517 MPa will range from 112.0 K in the case of an isentropic 
turbine, to 114.6 K in the case of an expansion valve. In the 
case of 75% efficient submerged turbine-generator assembly, the exit temp, 
will be 112.6 K. Therefore, the temp, of methane will rise by 1.6 K in 
the expansion valve, but it will drop by 0.4 K in the 

turbine-generator assembly, making this system very desirable in cryogenic 
applications. Heat transfer to the container of the turbine generator 
assembly appears to be very small, and the temp, rise of methane due to 
this heat gain is negligible (under 0.007 K) . The system investigated has 
a power generation potential of 1085 kW, but because of the inefficiencies 
in the. turbine and the generator, it is realistic to expect to generate 
about 814 kW of elec. power. The turbine-generator assembly will save the 
facility about half a million dollars a year in electricity costs if the 
facility operates continuously. 
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AB An offshore app. for liquefying natural gas 

comprises a support structure which is either floatable or is otherwise 
adapted to be disposed in an offshore location at least partially above 
sea level, and natural gas liquefaction 

means disposed on or in the support structures. The natural 
gas liquefaction means comprises a series of heat 

exchangers for cooling the natural gas in countercurrent heat exchange 

relation with a refrigerant, compression means for compressing the 

refrigerant, and expansion means for i sen tropically 

expanding at least two sep. streams of the compressed refrigerant, 

wherein said expanded streams of refrigerant communicate with a 

cool end of a resp. one of the heat exchangers. 
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AB A natural gas liquefaction process comprises 

passing natural gas through a series of heat exchangers in countercurrent 
relationship with a gaseous . refrigerant circulated through work 
expansion cycle. The work expansion cycle comprises 

compressing the refrigerant, dividing and cooling the refrigerant to 
produce at least first and second cooled refrigerant streams, 
substantially i sen tropically expanding the first 

refrigerant stream to a coolest refrigerant temp., substantially 
isentropically expanding the second refrigerant stream 

to an intermediate refrigerant temp, warmer than the coolest refrigerant 
temp., and delivering the refrigerant in the first and second refrigerant 
streams to. a resp. heat exchanger for cooling the natural gas thorough 
corresponding temp, ranges. The refrigerant in the first stream is 
isentropically expanded to a pressure at least 10 times 
greater than the total pressure drop of the first refrigerant stream 
across the series of heat exchangers, the pressure being in the range of 
1.2-2.5 MPa. 
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The method for liquefying natural gas can be 
readily adapted to LNG plants of all sizes without requiring expensive and 
special heat exchangers. The liquefaction of feed gas of natural gas and 
recycle natural gas is carried out with a single-component refrigerant or 
a mixed refrigerant in a high temp, state, and with a substantially 
isentropic expansion in a low temp, stage, and a 
non-liquefied part of the recycle gas after the expansion step 
is pressurized with a compressor and recycled along with a recycle stream 
of nonliquefied par of the feed natural gas, the 
liquefied part by the refrigerant exchanging heat with the 
non-liquefied part stream. produced from the substantially 
isentropic expansion, in a plate- fin heat exchanger or 
the like. The compressor is driven by the power obtained by the 
substantially isentropic expansion. 
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In a process for the reliquef action of boil-off gas contg. <10% N2 
resulting from the evapn. of liquefied natural 
gas (LNG) contained in a storage vessel, a closed-loop 
refrigeration cycle is utilized where an isenthalpically 
expanded stream is warmed against an initially cooled boil-off 
stream. The boil-off LNG stream is initially cooled by indirect heat 
exchange with an i sen tropically expanded refrigerant 
stream. 
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A process for liquefying natural gas is 

disclosed in which heavier hydrocarbons are sepd. 



19820830 



in a scrub column from 



the natural gas prior to liquefaction. The feed to the scrub column is 
intercooled against the CH4-rich overhead from the column and 
isentropically expanded before introduction to the 

column, and sepd. from the heavier hydrocarbons. The CH4-rich overheads 
is compressed utilizing the mech. energy of expansion and 
liquefied in a refrigerated heat exchanger. 
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Pipeline-quality natural gas contg. . ltoreq.7% N is produced from natural 
gas mixts. contg. . apprx . 15-80% N by a low-temp, distn. process in which 
the mixt. is charged at a pressure significantly below the crit. pressure 
for the mixt. (i.e., <700 psia) , and nonadiabatic or differential distn. 
is used to provide max. thermodn. efficiency. The raw feedstock is 
subjected to regenerative heat exchange (e.g., with cold waste N) to cool 
it to near its satn. point, and the cooled feed is charged to a 
fractionation column operating at substantially the same pressure. The 
mixt. is sepd. in the column; and the N withdrawn overhead is cooled by 
being work-expanded, recycled to provide refrigeration for the 
column, and used to cool the feed in a heat exchanger. The 
liquefied natural gas is withdrawn from the 

lower part of the column and partly flashed to reduce its temp, prior 
evapn. in the case of a gas-producing plant or prior to isentropic 
expansion to liq. storage in the case of a liq. -producing plant. 
Prior to the distn. process, C02 can be removed from the raw feed gas 
the use of refrigerated MeOH [67-56-1] as an absorbent. 
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gas from a feedstock contg. 60-90 mol % CH4 [74-82-8]. Thus, the 
feedstock at . gtoreq.860 psia is cooled to . apprx . 70 . degree . F and 
isentropically expanded to 480 psia, which cools the 

feed to .apprx. -12 .degree. F.. The product is fractionated at 200-650 psia 
to form an overhead rich in CH4 and a bottoms fraction. The overhead is 
compressed utilizing energy obtained from the expansion and then 
liquefied in a refrigeration cycle. 
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A method of expansion of gases, in the region of moist vapor, 
was investigated, which enabled the moisture content of vapor 
reduced in the circulating part of a compressed air driven 
turbine-compressor, and thereby increased the efficiency of 
expansion in the turbine. Calcns . and plans were made for a 
turbine, driven by compressed gas, with centripetal and axial stages, and 
a multistage axial part. The variant recommended, secured an efficiency 
of compression, by expansion of 0.715. The machine had 
increased stability to corrosion due to low moisture content at each 
stage, through intermediate sepn. ; less peripheral speed; feed of vapor 
formed by throttling liq. in discharge separator to discharge at the edge 
of the nozzle. 
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ABSTRACT : 



A process for producing a liquified natural gas stream that includes cooling at 
least a portion of a pressurized natural gas feed stream by heat exchange contact 
with first and second expanded refrigerants that are used in independent 
refrigeration cycles. The first expanded refrigerant is selected from methane, 
ethane and treated and pressurized natural gas. The second expanded refrigerant is 
nitrogen. 
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ABSTRACT : 

Diatomic hydrogen and unsaturated hydrocarbons are produced as reactor gases in a 
fast quench reactor. During the fast quench, the unsaturated hydrocarbons are 
further decomposed by reheating the reactor gases. More diatomic hydrogen is 
produced, along with elemental carbon. Other gas may be added at different stages in 
the process to form a desired end product and prevent back reactions. The product is 
a substantially clean-burning hydrogen fuel that leaves no greenhouse gas emissions, 
and elemental carbon that may be used in powder form as a commodity for several 
processes . 
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ART-UNIT: 374 

PRIMARY-EXAMINER: Capossela; Ronald 
ATTY-AGENT-FIRM: Ward; Calvin B. 



ABSTRACT : 

An apparatus for separating CO. sub. 2 from a mixture of gases includes CO. sub. 2 and a 
second gas, the apparatus includes an active heat exchanger and a regenerating heat 
exchanger. The active heat exchanger includes a heat exchange surface in contact 
with the mixture of gases. The mixture of gases is present in the active heat 
exchanger at a predetermined pressure which is chosen such that CO. sub. 2 freezes on 
the heat exchange surface when the surface is cooled by a refrigerant having a 
temperature below that at which CO. sub. 2 freezes at the predetermined pressure. The 
regenerating heat exchanger includes a heat exchange surface in contact with the 
refrigerant and also in contact with a layer of frozen CO. sub. 2. The refrigerant 
enters the regenerating heat exchanger at a temperature above that at which the 
CO. sub. 2 in the frozen layer of CO. sub. 2 sublimates. The sublimation of the solid 
CO. sub. 2 cools the refrigerant prior to the refrigerant being ^xpand^d through an 
fixpansi on valve, which reduces the temperature of the refrigerant to a point below 
the freezing point of CO. sub. 2 at the predetermined pressure. The refrigerant is 
re-compressed by a compressor after leaving the active heat exchanger. In the 
preferred embodiment of the present invention, the gaseous CO. sub. 2 released by the 
regenerating heat exchanger is used to precool the incoming gas mixture. A second 
precooling heat exchanger precools the compressed refrigerant by providing thermal 
contact with the refrigerant leaving the active heat exchanger. 

5 Claims, 3 Drawing figures 
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The method of the invention for liquefying a natural gas consists in liquefying at 
least a part of this gas by expanding it with mechanical energy, whereby during this 
pypanfii on the gas changes from a dense phase to a liquid phase without undergoing a 
phase transition. 
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OTHER PUBLICATIONS 
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Corporation. 

ART-UNIT: 344 

PRIMARY -EXAMINER: Kilner; Christopher 

ATTY- AGENT -FIRM: Goodall; Eleanor V. Christiansen; Jon C. 
ABSTRACT : 

A method and system for liquifying natural gas using a cryogenic process is 
described. The method is well suited for producing high methane purity natural gas 
which can be used as a vehicle fuel. The invention utilizes residue gas from a 
cryogenic plant as a natural gas feedstock. The natural gas feedstock is condensed 
by heat exchange with overhead gas from the demethanizer of the cryogenic plant. In 
the preferred embodiment of the invention the pressure of the condensed natural gas 
is reduced to a level at which it can be readily stored and transported by expansion 
through one or more Joule-Thomson valves. 

59 Claims, 10 Drawing figures 
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Cryogenic Refrigeration: Wave of the Future?, Ken Stadden, Heavy Duty Trucking, Jul. 

1990, p. 128. 

ART-UNIT: 344 

PRIMARY- EXAMINER : Tanner; Harry B. 
ATTY-AGENT-FIRM: Crut singer & Booth 

ABSTRACT : 

A method and apparatus to refrigerate air in a compartment wherein liquid CO. sub. 2 
is delivered through a first primary heat exchanger such that sufficient heat is 
absorbed to evaporate the liquid carbon dioxide to form pressurized vapor. The 
pressurized vapor is heated in a gas fired heater to prevent solidification of the 
pressurized carbon dioxide when it is depressurized to provide isejafcropic pypansinn 
of the vapor through pneumatically driven fan motors into a secondary heat 
exchanger. Orifices in inlets to the fan motors and solenoid valves in flow lines to 
the fan motors keep the vapor pressurized while the heater supplies sufficient heat 
to prevent solidification when the CO. sub. 2 vapor pypands through the motors. 
CO. sub. 2 vapor is routed from the second heat exchanger to chill surfaces in a 
dehumidifier to condense moisture from a stream of air before it flows to the heat 
exchangers . 

12 Claims, 8 Drawing figures 
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Yuv R. Mehra, "Recover and Purify Hydrogen Economically, " NPRA Annual Meeting (Mar. 
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Yuv R. Mehra, "Process Flexibility Improves Gas Processing Margins", 66th Annual GPA 
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ART-UNIT: 135 

PRIMARY -EXAMINER: Chiesa; Richard L. 
ATTY-AGENT-FIRM: Arnold, White & Durkee 



ABSTRACT : 

An absorption process for separating a feed gas stream having components with a 
spectrum of volatilities including volatile (light) components, intermediate 
volatility components, and least volatile (heavy) components. The disclosed process 
includes the steps of: (1) contacting the feed gas stream with an internally 
generated liquid lean solvent stream in an absorber to produce a light product gas 
stream that is composed of predominantly light components and a rich solvent stream 
containing most of the intermediate and heavy components; (2) flashing the rich 
solvent stream at reduced pressure in a flash zone to produce an intermediate 
product gas stream composed predominantly of intermediate components and a lean 
solvent stream; (3) conveying the lean solvent stream from the flashing zone to the 
absorber, wherein the lean solvent is composed predominantly of heavy components 
supplied from the feed; the process does not use an external lean solvent. The 
process is particularly useful for rejecting nitrogen from natural gas and for 
recovering hydrogen from refinery and petrochemical process off gases. 

14 Claims, 3 Drawing figures 
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54, No. 12 (Dec. 1958), pp. 39-47. 

ART-UNIT: 135 

PRIMARY -EXAMINER : Chiesa; Richard L. 
ATTY-AGENT-FIRM: Arnold, White & Durkee 



ABSTRACT: 

An absorption process for separating a feed gas stream having components with a 
spectrum of volatilities including volatile (light) components, intermediate 
volatility components, and least volatile (heavy) components. The disclosed process 
includes the steps of: (1) contacting the feed gas stream with a liquid lean solvent 
stream in an absorber to produce a light product gas stream that is composed of 
predominantly light components and a rich solvent stream containing most of the 
intermediate and heavy components; (2) flashing the rich solvent stream at reduced 
pressure in a flash zone to produce an intermediate product gas stream composed 
predominantly of intermediate components and a lean solvent stream; (3) conveying 
the lean solvent stream from the flashing zone to the absorber, wherein the lean 
solvent is composed predominantly of heavy components taken from the feed; the 
process does not use an external lean solvent. The process is particularly useful 
for rejecting nitrogen from natural gas and for recovering hydrogen from refinery 
and petrochemical process off -gases. 

14 Claims, 3 Drawing figures 
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TITLE: Defrost controller 

DATE -ISSUED: March 14, 1995 

INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Martin; Patrick S. Dallas TX 



ASS IGNEE - INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

General Cryogenics Incorporated Dallas TX 02 



APPL-NO: 08/ 165723 [PAT.M] 
DATE FILED: December 13, 1993 

PARENT -CASE: 

CROSS REFERENCE TO RELATED APPLICATION This is a division of application Ser. No. 
08/017,796, filed Feb. 12, 1993, U.S. Pat. No. 5,313,787, which was a division of 
U.S. Pat. No. 07/841,590, filed Feb. 25, 1992, which issued on Apr. 6, 1993, now 
U.S. Pat. No. 5,199,275, which application is a continuation-in-part of application 
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Ser. No. 07/651,206, fileH JJfelJ? 6, T991, entitled " ENTHAL^^RJTROL FOR CO. sub. 2 
REFRIGERATION SYSTEM" , U.S. Pat. No. 5,090,209, which is a continuation- in-part of 
application Ser. No. 07/591,386, filed Oct. 1, 1990, entitled "CARBON DIOXIDE 
REFRIGERATION SYSTEM", now U.S. Pat. No. 5,069,039, which issued Dec. 3, 1991. 

INT-CL: [06] £25. D 21 /H£ 

US-CL-ISSUED: 62/156 
US-CL -CURRENT: £2/l5£ 
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Morrissey, Jr. et al. 
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September 1977 


Tyree, Jr. 
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ART-UNIT: 344 

PRIMARY- EXAMINER: Tanner; Harry B. 
ATTY-AGENT-FIRM: Crutsinger & Booth 



ABSTRACT: 

A method and apparatus to refrigerate air in a compartment wherein liquid CO. sub. 2 
is delivered through a first primary heat exchanger such that sufficient heat is 
absorbed to evaporate the liquid carbon dioxide to form pressurized vapor. The 
pressurized vapor is heated in a gas fired heater to prevent solidification of the 
pressurized carbon dioxide when it is depressurized to provide* ispntrnpir fiypansinn 
of the vapor through pneumatically driven fan motors into a secondary heat 
exchanger. Orifices in inlets to the fan motors and solenoid valves in flow lines to 
the fan motors keep the vapor pressurized while the heater supplies sufficient heat 
to prevent solidification when the CO. sub. 2 vapor pypands through the motors. 
CO. sub. 2 vapor is routed from the second heat exchanger to chill surfaces in a 
dehumidifier to condense moisture from a stream of air before it flows to the heat 
exchangers . 

8 Claims, 8 Drawing figures 
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INVENTOR- INFORMATION : 
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Yamamoto; Osamu Kanagawa 

Sakaguchi ; Junichi Kanagawa 

Nakamura; Moritaka Kanagawa 



STATE 
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COUNTRY 
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JP 

JP 
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ASSIGNEE - INFORMATION : 
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Chiyoda Corporation Kanagawa 
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JP 
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APPL -DATE 
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ISSUE -DATE 
October 1980 
March 1981 
December 1981 
October 1986 



PATENTEE -NAME 
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US-CL 
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62/39 



ART-UNIT: 344 

PRIMARY -EXAMINER: Capossela; Ronald C. 

ATTY-AGENT-FIRM: Skj erven, Morrill, MacPherson, Franklin & Friel 
ABSTRACT : 

Provided is a method for liquefying natural gas which can be readily adapted to LNG 
plants of all sizes without requiring expensive and special heat exchangers. The 
liquefaction of feed gas of natural gas and recycle natural gas is carried out with 
a single -component refrigerant or a mixed refrigerant in a high temperature stage, 
and with a substantially is^ntxopic expansion in a low temperature stage, and a 
non-liquefied part of the recycle gas after the gypanpn on step is pressurized with a 
compressor and recycled along with a recycle stream of non- liquefied par of the feed 
natural gas, the liquefied part by the refrigerant exchanging heat with the 
non- liquefied part stream produced from the substantially isentrnpir fiypansion, in a 
plate-fin heat exchanger or the like. The compressor is driven by the power obtained 
by the substantially isentropic expansion. 

12 Claims, 12 Drawing figures 
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File: USPT 



May 24, 1994 



US-PAT-NO: 5313787 

DOCUMENT- IDENTIFIER: US 5313787 A 

** See image for Certificate of Correction ** 

TITLE: Refrigeration trailer 

DATE- ISSUED: May 24, 1994 
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NAME CITY STATE ZIP CODE COUNTRY 

Martin; Patrick S. Dallas TX 

ASSIGNEE - INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

General Cryogenics Incorporated Dallas TX 02 

APPL-NO: 08/ 017796 [PALM] 
DATE FILED: February 12, 1993 
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CROSS REFERENCE TO RELATED APPLICATION This is a division of application Ser. No. 
07/841,590 filed Feb. 25, 1992, now U.S. Pat. No. 5,199,275 which is a 
continuation-in-part of application Ser. No. 07/651,206 filed Feb. 6, 1991, entitled 
"ENTHALPY CONTROL FOR CO. sub. 2 REFRIGERATION SYSTEM" now U.S. Pat. No. 5,090,209, 
which is a continuation-in-part of application Ser. No. 07/591,386 filed Oct. 1, 
1990 entitled "CARBON DIOXIDE REFRIGERATION SYSTEM", now U.S. Pat. No. 5,069,039 
which issued Dec. 3, 1991. 

INT-CL: [05] F25B 41/04 

US-CL-ISSUED: 62/222; 62/50.3, 62/51.1, 62/50.4, 62/275 
US -CL- CURRENT: £2/222; £2/2i5, £2/50.3, £2/50.4, £2/51 .1 

FIELD-OF- SEARCH: 62/50.1, 62/50.2, 62/50.3, 62/50.4, 62/50.7, 62/51.1, 62/52.1, 

62/272, 62/151, 62/156, 62/275, 62/80, 62/82, 62/222, 62/224, 62/225, 62/217 
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No land 


62/156 X 


4498306 


February 1985 


Tyree, Jr. 
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Martin 


62/50.3 


5090209 


February 1992 


Martin 


62/50.3 



OTHER PUBLICATIONS 

Refrigerated Containerized Transport for "Jumbo" Jets, L. Tyree, Jr., 1971, pp. 
521-525. 

The Refrigerant Dilemma, Kira Gould, Fleet Owner, Sep. 1989, pp. 94-100. 

Cryogenic Refrigeration: Wave of the Future?, Ken Stadden, Heavy Duty Trucking, Jul. 

1990, p. 128. 

ART-UNIT: 344 

PRIMARY- EXAMINER: Tanner; Harry B. 
ATTY- AGENT- FIRM : Crut singer & Booth 

ABSTRACT: 

A method and apparatus to refrigerate air in a compartment wherein liquid CO. sub. 2 
is delivered through a first primary heat exchanger such that sufficient heat is 
absorbed to evaporate the liquid carbon dioxide to form pressurized vapor. The 
pressurized vapor is heated in a gas fired heater to prevent solidification of the 
pressurized carbon dioxide when it is depressurized to provide iafint-.rnp-ir expansion 
of the vapor through pneumatically driven fan motors into a secondary heat 
exchanger. Orifices in inlets to the fan motors and solenoid valves in flow lines to 
the fan motors keep the vapor pressurized while the heater supplies sufficient heat 
to prevent solidification when the CO. sub. 2 vapor pypanric. through the motors. 
CO. sub. 2 vapor is routed from the second heat exchanger to chill surfaces in a 
dehumidifier to condense moisture from a stream of air before it flows to the heat 
exchangers . 

11 Claims, 8 Drawing figures 
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TITLE: Refrigeration trailer 
DATE-ISSUED: April 6, 1993 
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NAME CITY STATE ZIP COBET COUNTRY 

Martin; Patrick S. Dallas TX 

ASS IGNEE - INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

General Cryogenics Incorporated Dallas TX 02 

APPL-NO: 07/ 841590 [PALM] 
DATE FILED: February 25, 1992 

PARENT -CASE: 

CROSS REFERENCE TO RELATED APPLICATION This application is a continuation-in-part of 
application Ser. No. 07/651,206 filed Feb. 6, 1991, entitled "ENTHALPY CONTROL FOR 
CO. sub. 2 REFRIGERATION SYSTEM" now U.S. Pat. No. 5,090,209 which is a 
continuation-in-part of application Ser. No. 07/591,386 filed Oct. 1, 1990 entitled 
"CARBON DIOXIDE REFRIGERATION SYSTEM", now U.S. Pat. No. 5,069,039 which issued Dec. 
3, 1991. 

INT-CL: [05] F25D 21/06 

US-CL-ISSUED: 62/275; 62/156, 62/50.3 
US-CL -CURRENT: £2/225.; S2/1S&, £2/5fl^3 

FIELD-OF- SEARCH: 62/50.1, 62/50.2, 62/50.3, 62/50.4, 62/50.7, 62/51.1, 62/52.1, 
62/140, 62/156, 62/272, 62/275, 62/276, 62/526, 62/80, 62/81, 62/239 

PRIOR-ART-DISCLOSED : 

U.S. PATENT DOCUMENTS 



PAT -NO 


ISSUE -DATE 


PATENTEE -NAME 


US-CL 


3307366 


March 1967 


Smith 


62/5 


^1^76 


August 1967 


Philips 


62/156 
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3861167 


January 1975 


Nijo 


62/209 


4045972 


September 1977 
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OTHER PUBLICATIONS 

Refrigerated Containerized Transport for "Jumbo" Jets, L. Tyree, Jr., 1971, pp. 
521-525. 

The Refrigerant Dilemma, Kira Gould, Fleet Owner, Sep. 1989, pp. 94-100. 

Cryogenic Refrigeration: Wave of the Future?, Ken Stadden, Heavy Duty Trucking, Jul. 

1990, p. 128. 

ART-UNIT: 344 

PRIMARY- EXAMINER: Tanner; Harry B. 
ATTY- AGENT- FIRM: Crut singer & Booth 



ABSTRACT : 

A method and apparatus to refrigerate air 
is delivered through a first primary heat 



in a compartment wherein liquid CO. sub. 2 
exchanger such that sufficient heat is 
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cWbon dioxide to form pBIRrized vai 



absorbed to evaporate tnS^^RPHri cffbon dioxide to form piBMRrized vapor . The 
pressurized vapor is heated in a gas fired heater to prevent solidification of the 
pressurized carbon dioxide when it is depressurized to provide ifientrop-i r? pypansinn 
of the vapor through pneumatically driven fan motors into a secondary heat 
exchanger. Orifices in inlets to the fan motors and solenoid valves in flow lines to 
the fan motors keep the vapor pressurized while the heater supplies sufficient heat 
to prevent solidification when the CO. sub. 2 vapor gxpanrfg through the motors. 
CO. sub. 2 vapor is routed from the second heat exchanger to chill surfaces in a 
dehumidifier to condense moisture from a stream of air before it flows to the heat 
exchangers . 

12 Claims, 8 Drawing figures 
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US-PAT-NO: 5069039 

DOCUMENT- IDENTIFIER: US 5069039 A 

** See image for Certificate of Correction ** 

TITLE: Carbon dioxide refrigeration system 

DATE- ISSUED: December 3, 1991 

INVENTOR- INFORMATION : 

NAME . CITY STATE ZIP CODE COUNTRY 

Martin; Patrick S. Dallas TX 
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OTHER PUBLICATIONS 

Refrigerated Containerized Transport for "Jumbo" Jets, L. Tyree, Jr., 1971, pp. 
521-525. 

The Refrigerant Dilemma, Kira Gould, Fleet Owner, Sep. 1989, pp. 94-100. 

Cryogenic Refrigeration: Wave of the Future?, Ken Stadden, Heavy Duty Trucking, Jul. 

1990, p. 128. 

ART-UNIT: 344 

PRIMARY- EXAMINER: Tanner; Harry B. 
ATT Y - AGENT - F I RM : Crutsinger & Booth 



ABSTRACT : 

A method and apparatus to refrigerate air in a compartment wherein liquid dioxide is 
delivered through a first primary heat exchanger such that sufficient heat is 
absorbed to evaporate the liquid carbon dioxide to form pressurized vapor. The 
pressurized vapor is heated in an external heat exchanger to prevent solidification 
of the pressurized carbon dioxide when it is depressurized to provide i s^ntr-opi c 
expansion of the vapor into a secondary heat exchanger. Pneumatically driven motors 
are driven by the pressurized carbon dioxide vapor to move air across the heat 
exchangers. Orifices in inlets to the motors and solenoid valves in flow lines to 
the motors keep the vapor pressurized while the external heat exchanger supplies 
sufficient heat to prevent solidification when it expands, through the motors. 

16 Claims, 2 Drawing figures 
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TITLE: Method of liquefying natural gas 
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Liquid Air Engineering Company Montreal CA 03 
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ART-UNIT: 344 

PRIMARY-EXAMINER: Capossela; Ronald C. 

ATTY- AGENT -FIRM: Obion, Spivak, McClelland, Maier & Neustadt 
ABSTRACT : 

A method of producing a methane -rich liquid stream from a stream of natural gas 
predominantly consisting of methane and also containing nitrogen, entailing: 

(a) supplying said natural gas stream at a pressure above atmospheric pressure, 

(b) cooling and liquefying said natural gas stream using one or more refrigeration 
cycles, and 

(c) expanding said liquefied natural gas to lower pressure in two or more stages in 
series, phase separating the gas and 1 i quid phases produced during the expansion, 
thereby concentrating the nitrogen into the vapor phase, and producing a 
methane-rich liquefied natural gas. 
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INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Cook; Philip J. Schnecksville PA 
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ART-UNIT: 344 

PRIMARY- EXAMINER: Capossela; Ronald C. 

ATT Y - AGENT - F I RM : Brewer; Russell L. Simmons; James C. Marsh; William F. 
ABSTRACT : 

The present invention relates to an improved process for the reliquef action of 
boil -off gas containing up to 10% nitrogen resulting from the evaporation of 
liquefied natural gas (LNG) contained in a storage vessel. In the process, a 
closed-loop refrigeration cycle is utilized wherein an isenthalpically ^xpanderi 
stream is warmed against an initially cooled boil -off stream. The boil -off LNG 
stream is initially cooled by indirect heat exchange with an ispnhmpirany pxpanripri 
refrigerant stream . 

13 Claims, 3 Drawing figures 
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L18: Entry 18 of 23 File: USPT Jul 4, 1989 
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TITLE: Reliquef action of boil -off from liquefied natural gas 
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ART-UNIT: 344 

PRIMARY -EXAMINER: Capossela; Ronald C. 

ATTY-AGENT-FIRM: Brewer; Russell L. Simmons; James C. Marsh; William F. 
ABSTRACT : 

The present invention relates to an improved process for the reliquef action of 
boil-off gas containing up to 10% nitrogen resulting from the evaporation of 
liquefied natural gas (LNG) contained in a storage vessel. In the process, a 
closed-loop nitrogen refrigeration cycle is utilized wherein the nitrogen is 
isenthalpically expanded under conditions for generating a liquid and vapor with the 
liquid being pressurized by pumping and warmed against an initially cooled boil-off 
stream. The boil -off LNG stream is initially cooled by indirect heat exchange with 
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ATT Y - AGENT - F I RM : Garbo; 





ABSTRACT : 



The high pressure of pipeline gas is reduced to the low pressure of a distribution 
system with simultaneous generation of refrigeration by passing the gas through two 
successive centrifugal compressors driven by two turbo .=£zpaiidjexs in which the 
compressed gas is ^ypand^d to successively lower pressures. Refrigeration is 
recovered from the gas as it leaves each tnrho -fiypandp.r . Methanol is injected into 
the pipeline gas before it is expanded to prevent ice formation. Aqueous methanol 
condensate separated from the ^ypandpH gas is distilled for the recovery and reuse 
of methanol. 

12 Claims, 3 Drawing figures 
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ART-UNIT: 341 

PRIMARY -EXAMINER: Ostrager; Allen M. 
ATTY- AGENT- FIRM: Jackson, Jones & Price 

ABSTRACT : 

A power conversion system comprising a combination of a liquefied natural gas 
vaporizing plant and a fuel burning power generating facility is disclosed. The 
liquefied natural gas vaporizing plant utilizes the cryogenic capacity of the 
liquefied natural gas to produce liquid air which is pumped to a high pressure by a 
liquid air pump. The liquid air is then brought into a heat exchanging relationship 
with air drawn into the vaporizing plant so that the high pressure liquid air is 
converted to high pressure gaseous air. The high pressure gaseous air which 
represents recovered reversible energy of the liquefied natural gas is fed into a 
combustion chamber of the fuel burning power generating plant. Since the power 
generating facility requires no significant output of power to drive a compressor to 
compress ambient air prior to its entry into the combustion chamber, the power 
generating facility is operated at a high efficiency. 

23 Claims, 5 Drawing figures 
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PRIMARY-EXAMINER: Yudkoff; Norman 
ATTY-AGENT-FIRM: Geldin; Max 

ABSTRACT: 

Method and system designed particularly for separating or removing nitrogen from 
mixtures of nitrogen and methane, particularly natural gas, over a wide range of 
nitrogen concentrations, employing low temperature rectification, for recovery of 
methane containing a substantially reduced amount of nitrogen, either as a gas nr a 
li quid, including the features of regenerative heat exchange to cool the feed 
mixture to near its saturation point, prior to introduction into a fractionating 
column, by-passing a small stream of the feed around the regenerative heat exchanger 
as a means of controlling feed temperature and reboil heat in the column, passing 
the overhead nitrogen gas from the column in indirect heat exchange relation with 
the rectifying section of the column to generate reflux continuously along the 
separation zone, work expansion of the nitrogen waste stream to provide necessary 
refrigeration, providing downflow evaporation of the liquid product within the 
column in the case of gas producing plants, and sub-cooling the bottoms liquid 
product prior to evaporation of the product in the case of a gas producing plant, or 
prior to isentropic expansion to liquid storage in the case of a liquid producing 
plant . 
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ART-UNIT: 175 

PRIMARY -EXAMINER: Yudkoff; Norman 
ASSISTANT-EXAMINER: Purcell; Arthur F. 

ATT Y - AGENT - F I RM : Neishloss; Meyer Keith; Deane E. Ryder; Thomas G. 
ABSTRACT : 

A process and apparatus for liquefaction of natural gas wherein the gas is cooled 
and liquified under pressure in a heat exchanger- liquifier. The pressurized cold 
liquid from the heat exchanger- liquifier is isenthalpically expanded to reduce the 
pressure and further cool the liquid while at the same time flashing a minor gas 
fraction. Refrigeration for the liquefaction of the natural gas is supplied by a 
circulating refrigerant stream which is compressed and wnr k-pypandp.fi to obtain the 
necessary cooling. The minor flash gas portion of the liquefaction step is comingled 
with the circulating refrigerant stream so that the analysis of the refrigerant 
stream is always rich in the lighter portions of the liquefaction stream. This 
analysis difference aids in maintaining refrigeration temperature differentials to 
drive the liquefaction step. The wor k-expanded refrigerant portion undergoes a 
compression cycle and is work-expanded in an expansion turbine. The expansion 
turbine furnishes at least part of the power necessary to drive the compressor 
system in the refrigerant gas cycle. 

13 Claims, 1 Drawing figures 
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ART-UNIT: 175 

PRIMARY- EXAMINER: Yudkoff; Norman 
ASSISTANT-EXAMINER: Purcell; Arthur F. 

ATTY- AGENT- FIRM: Neishloss; Meyer Keith; Deane E. Ryder; Thomas G. 



ABSTRACT : 

A process and apparatus for the liquefaction of natural gas wherein raw feedstock is 
cryogenically fractionated to remove essentially all of the carbon dioxide and 
C. sub. 5. sub. + hydrocarbons therefrom, and wherein the cryogenically purified 
feedstock is cooled and liquefied under pressure in a cryogenic heat exchanger. The 
pressurized cold liquid from the heat exchanger is isenthalpically expanded to 
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reduce the pressure and^HtiW C(W the liquid while at^WBEame tSBe flashing a 
minor gas fraction. Refrigeration for the liquefaction of the natural gas is 
supplied by a circulating refrigerant stream which is compressed and wor k- expanded 
to obtain the necessary cooling. The minor flash gas portion of the liquefaction 
step is commingled with the circulating refrigerant stream so that the analysis of 
the refrigerant stream is always rich in the lighter portions of the liquefaction 
stream, thus aiding in maintaining refrigeration temperature differentials to drive 
the liquefaction step. The wor k-expanded refrigerant portion undergoes a compression 
cycle and is wor k -expanded in a series of pypan.qion turbines. The expansion turbines 
furnish at least part of the power necessary to drive the compressor system in the 
refrigerant gas cycle. 

17 Claims, 1 Drawing figures 
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